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TO ALL WHOM IT MAY CONCERN: 



BE IT KNOWN THAT I, RICHARD W. STROBEL, a citizen of 
the United States of America and a resident of the State of 
Connecticut, have invented a new and useful improvement in 
TIN-SILVER COATINGS of which the following is a 
specification. 
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TIN-SILVER COATINGS 

CROSS-REFERENCE TO RELATED APPLICATION (S) 
The present application hereby claims the benefit of 
U.S. Provisional Patent Application Serial No. 60/312,331, 
filed August 14, 2001, entitled TIN-SILVER COATINGS. 

BACKGROUND OF THE INVENTION 
The present invention relates to tin-silver coatings 
to be applied to substrate materials used in electrical and 
electronic applications, such as in automotive connectors, 
and to a method of applying a tin-silver coating to the 
substrate materials. 

Electrical contacts in automobiles are subjected to a 
variety of hazards because of the elevated temperatures and 
environment in which they must function. For example, 
automotive electrical contacts are routinely subjected to 
vibrations and fretting corrosion caused by micromotion. 
Fretting corrosion is a detriment because it elevates 
contact resistance at the contacts of the electrical 
surface. Additionally, electrical arcing can occur when 
two electrical contacts or terminals are mated together. 

To deal with some of these problems, some automotive 
electrical contacts have been coated with gold. Gold is an 
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advantageous material because it does not lead to the 
production of deleterious oxides. The cost of gold however 
is very high and unduly increases the cost of the 
automotive electrical contact. 

To eliminate the expense of the gold, some electrical 
contacts have been coated with pure tin. While 
economically beneficial, a pure tin coating does not have a 
very long cycle life, normally about 170 cycles. 

Thus, there remains a need for a coating which can be 
used in the formation of electrical contacts which is 
economically beneficial and which can withstand the 
stresses of the environment under which automotive 
electrical contacts must function. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an improved coating for electrical and 
electronic applications. 

It is a further object of the present invention to 
provide an improved coating as above which has particular 
use in automotive applications and which has a long cycle 
life. 
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It is a further object of the present invention to 
provide an improved coating as above for an automotive 
electrical contact which is economically acceptable. 

It is a further object of the present invention to 
provide an improved method for forming a coating on a 
substrate material. 

It is yet another object of the present invention to 
provide an improved method for forming an electrical 
connector or contact. 

The foregoing objects are attained by the tin-silver 
coatings and the method of the present invention. 

In accordance with the present invention, a tin-silver 
coating is applied to a substrate material to be used for 
an electrical contact. The substrate material may be any 
suitable metal having a desired electrical conductivity. 
For example, the substrate material can be copper, a copper 
alloy, a carbon steel material, or an aluminum alloy. The 
tin-silver coating of the present invention in a preferred 
embodiment consists of from more than 1.0 wt% to about 20 
wt%, preferably from 2.0 wt% to 15 wt%, and most preferably 
from 3.0 wt% to 10 wt%, silver and the balance essentially 
tin. As will be discussed hereinafter, the binary tin- 
silver coatings of the present invention are particularly 
advantageous coatings. For example, the coatings avoid the 
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creation of oxides which are deleterious to the coating and 
which increase the electrical resistance properties of the 
coating. 

While it is preferred that the coatings of the present 
invention be binary tin-silver coatings, the coatings may 
also contain an effective amount up to about 5.0 wt% of at 
least one hardening element selected from the group 
consisting of bismuth, silicon, copper, magnesium, iron, 
nickel, manganese, zinc, antimony, and mixtures thereof. 
The at least one hardening element when present in the 
coating should not be present in an amount which causes the 
production of oxides which increase the electrical 
resistance of the coating. 

One advantage to the tin-silver coatings of the 
present invention is that they do not need to include 
elements such as deoxidizing agents. 

The tin-silver coatings of the present invention are 
formed using a method which broadly comprises the steps of 
providing a substrate material to be coated, preparing a 
bath consisting of from more than 1.0 wt% to about 20 wt% 
silver and the balance essentially tin, and immersing the 
substrate material in the bath to form a coating layer on 
the substrate material, which coating layer consists of 
more than 1.0 wt% to about 20 wt% silver and the balance 
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essentially tin. In an alternative embodiment of the 
method of the present invention, the bath and the coating 
may also contain at least one element selected from the 
group consisting of bismuth, silicon, copper, magnesium, 
iron, nickel, manganese, zinc, antimony, and mixtures 
thereof. When present, the at least one element should be 
present in an amount which does not cause the generation of 
oxides which increase the resistance of the coating. 

Other details of the tin-silver coatings of the 
present invention and the method for forming them, as well 
as other objects and advantages attendant thereto, are set 
forth in the following detailed description and the 
accompanying drawing (s) . 

BRIEF DESCRIPTION OF THE DRAWINGS 
The figure illustrates the result of a hardness test 
comparing the hardness of a pure tin coating as compared to 
tin-silver coatings in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT ( S ) 
As previously mentioned, the present invention relates 
to the application of a tin-silver coating on a substrate 
material to be used in electrical and electronic 
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applications such as an electrical contact for an 
automobile. The substrate material may be any suitable 
electrically conductive material known in the art such as a 
ferrous based material, e.g., carbon steel material, or a 
non-ferrous based material, e.g., pure copper, a copper 
based alloy, or an aluminum alloy. One substrate material 
which is typically used in automotive applications is a 
copper-tellurium alloy designated as CDA Alloy 14530 which 
contains from 0.003 to 0.023 tellurium, from 0.003 to 0.023 
tin, from 0.001 to 0.010 phosphorous and the balance 
copper . 

In most electrical and electronic applications, it is 
highly desirable to have a coating layer on at least a 
portion of the substrate material to help prevent surface 
oxidation which causes fretting corrosion and increased 
electrical resistance. The coating must have sufficient 
hardness to withstand the forces applied in such 
applications during a large number of cycles, and a 
resistance value which is not too great. It has been found 
that a particularly useful composition for a coating to be 
applied to a substrate material for use in electrical and 
electronic applications, such as automotive applications, 
is a binary tin-silver coating which consists of more than 
1.0 wt% to about 20 wt%, preferably from 2.0 wt% to 15 wt%, 
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most preferably from 3.0 wt% to 10 wt%, silver and the 
balance essentially tin. Such coatings have a melting 
point greater than 225°C, which is advantageous. 

If desired, at least one hardening element selected 
from the group consisting of bismuth, silicon, copper, 
magnesium, iron, nickel, manganese, zinc, antimony, and 
mixtures thereof may be present in an alternative 
embodiment of the tin-silver coatings of the present 
invention to increase the hardness properties of the 
coatings. When present, the at least one hardening element 
may be present in an effective amount up to about 5.0 wt% 
total and preferably in an amount from 0.1 wt% to about 5.0 
wt% total. The particular hardening element or elements 
selected should not be present in an amount which creates 
deleterious oxides sufficient to increase the electrical 
resistance properties of the coatings. For example, one 
should avoid the use of significant amounts of oxide 
producing elements such as magnesium and copper in the 
coatings . 

The tin-silver coatings of the present invention may 
be applied to a substrate material using any suitable 
technique known in the art. It is preferred however to 
apply the tin-silver coating to the substrate material 
using a non-electroplating technique. For example, the 
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coatings of the present invention may be formed by 
immersing the substrate material into a tin-silver bath 
maintained at a temperature of at least 500°F and 
preferably at a temperature in the range of from 500°F to 
about 900°F. The bath in a preferred embodiment comprises 
molten tin and silver and has a composition consisting of 
more than 1.0 wt% to about 20 wt%, preferably from 2.0 wt% 
to 15 wt%, most preferably from 3.0 wt% to 10 wt%, silver 
and the balance essentially tin. The substrate material 
being immersed in the bath may be a continuous strip of 
metal or may be pieces of metal pre-stamped to form a 
particular type of electrical or electronic connector. 
Alternatively, the coated substrate material may be 
processed into a particular type of electrical or 
electronic connector after it has been removed from the 
bath. For example, the coated substrate material may be 
stamped into a particular type of electrical or electronic 
connector after it has been removed from the bath. 

Optionally, the coating bath may also contain an 
effective amount up to about 5.0 wt%, preferably from 0.1 
wt% to about 5.0 wt%, of at least one hardening element 
selected from the group consisting of bismuth, silicon, 
copper, magnesium, iron, nickel, manganese, zinc, antimony, 
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and mixtures thereof. For example, the bath may contain 
from 0.1 wt% to 1,5 wt% copper. 

As previously mentioned, the substrate material to be 
immersed in the bath may have any desired form such as a 
coil of substrate material. The substrate material may be 
run through the bath either continuously or discontinuously 
using any suitable system known in the art. Further, in a 
preferred embodiment of the present invention, the 
substrate material to be coated may be resident in the bath 
for a time period in the range of from 0.2 seconds to 10 
seconds to form a coating having a thickness in the range 
of from 0.00001" to 0.001". 

It has been found by adding silver in the above 
specified amounts to tin, one forms a coating with a 
hardened coating surface. This is desirable because the 
harder the surface, the longer its cycle life. As 
previously mentioned, pure tin coatings have a cycle life 
of 170 cycles before the contact resistance rises above the 
standard of 10 milliohms. By adding 2.0 wt% silver to the 
tin, it has been found that the cycle life can be increased 
to 250 cycles before the contact resistance rises above the 
aforementioned standard. It has also been found that by 
adding 5.0 wt% silver to the tin, the cycle life can be 
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increased to 900 cycles before the contact resistance rises 
above the aforementioned standard. 

It has also been found that by adding 5.0 wt% silver 
to the coating, the coating stays in a homogeneous state 
during the coating process* In other words, the silver 
does not separate from the tin. This means that after the 
coating cools, the silver does not suspend or separate. 

While the tin-silver coatings of the present invention 
are more expensive than pure tin coatings, they are 
substantially less in cost than gold coatings. Thus, the 
coatings of the present invention offer substantial 
economic savings* 

It has also been found that the life cycle of the 
coatings of the present invention may further be increased 
by applying a lubricant, such as a synthetic hydrocarbon 
based grease, to the surfaces of the substrate material 
after formation of the tin-silver coating. It is expected 
that coatings having as much as 10 wt% silver in the tin 
coating will have a life cycle of 1 million cycles when 
such a lubricant is used - a substantial increase over 
current life cycles. 

The addition of silver in the above specified amounts 
to the coating has other benefits. For example, the 
presence of silver increases the surface melting point. 
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Further, the presence of the silver helps eliminate fusing 
or arcing of the coated contacts or terminals* This is a 
highly desirable result because power sources for cars are 
increasing to a 42 volt system. 

Coatings formed in accordance with the present 
invention are also free of silver sulfamates and 
deleterious oxides. 

Other advantages to the coatings of the present 
invention include the absence of any inorganic materials in 
the coatings, the presence of a strong metallurgical bond 
between the coatings and the substrate materials, increased 
lubricity which enhances tool life, and the presence of 
excellent electrical conductivity properties in excess of 
15.6% IACS, e.g. a 95% tin - 5% silver coating has an 
electrical conductivity of 16.6% IACS and a 90% tin - 10% 
silver coating has an electrical conductivity greater than 
20% IACS. Further, there is no need to add brighteners to 
the bath forming the coating. 

In order to demonstrate the improvements offered by 
the coatings of the present invention, specimens were 
produced in accordance with the method of the present 
invention which contained a substrate formed from a 
commercially available copper alloy designated as Alloy 
4252 coated with pure tin, a substrate formed from the same 
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material coated with 98 wt% tin and 2 wt% silver, a 
substrate formed from the same material coated with 95 wt% 
tin and 5 wt% silver, and a substrate formed from the same 
material coated with 90% tin and 10 wt% silver* The 
specimens were then tested to determine both the cycles 
before resistance increases to 10 milliohms and the 
resistance value. The test showed that on the average a 
pure tin coated substrate lasted 2 89 cycles before reaching 
10 milliohms and had a resistance value which ranged from 
10.09 to 10.88. The test also showed that the 98-2 coating 
had an average cycle life of 452 cycles and a resistance 
value that ranged from 10.16 to 10.74; that the 95-5 
coating had an average cycle life of 399 cycles and a 
resistance value which ranged from 10.11 to 10.82; and that 
the 90-10 coating had an average cycle life of 157 cycles 
and a resistance value which ranged from 10.09 to 10.83. 
It was also found that as the silver content of the coating 
increased that the melting point of the coating increased. 
For example, a pure tin coating has a melting point of 
231°C, the 95-5 tin-silver coating has a melting point in 
the range of 245°C to 253°C, and the 90-10 tin-silver 
coating has a melting point of 310°C. 

Another test was conducted to determine the hardness 
of tin-silver coatings in accordance with the present 
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invention as compared to pure tin coatings. The test was 
conducted using nanoidentation to determine whether the 
indentation hardness of tin-based films was affected by the 
additions of silver. To conduct the test specimens were 
prepared with a pure tin coating on a copper alloy 
substrate, a 98 wt% tin - 2 wt% silver coating on a copper 
alloy substrate, a 95 wt% tin - 5 wt% silver coating on a 
copper alloy substrate, and a 90 wt% tin - 10 wt% silver 
coating on a copper alloy substrate. Each of the tin based 
coatings were approximately 3000 nm thick. In order to 
eliminate interference from the substrate, the maximum 
indentation depth for the tin based coatings was less than 
33% of the coating thickness. At least three indentation 
tests were conducted on each sample with a tin based 
coating. 

The results of the hardness test on the tin based 
films shows that hardness increases with increasing silver 
content in the coating. The indentation hardness for the 
pure tin coating was 0.3GPa, whereas the hardness for the 
98-2 tin coating, the 95-5 tin coating and the 90-10 tin 
coating were from 0.32GPa to 0.41Gpa. The figure 
illustrates the hardness range for each of the tin-silver 
coatings. The test clearly illustrates the improvements in 
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hardness to be obtained by using a tin-silver coating in 
accordance with the present invention. 

While the coatings of the present invention have been 
described in the context of automotive applications, it 
should apparent to those skilled in the art that the 
coatings have utility in other electrical contact or 
electrical terminal environments. 

It is apparent that there has been provided a tin- 
silver coating which fully satisfies the objects, means and 
advantages set forth hereinbefore. While the present 
invention has been described in the context of specific 
embodiments, other alternatives, modifications, and 
variations will become apparent to those skilled in the art 
having read the foregoing description. Accordingly, it is 
intended to embrace such alternatives, modifications and 
variations as fall within the broad scope of the appended 
claims. 
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